Social stress, especially dyadic conflict among couples, is an important correlate of addiction. Several authors have suggested that the neuropeptide oxytocin (OT) may be useful in the treatment of couples with substance misuse. However, the literature examining OT among couples is scant and has yielded mixed findings. The current study examined the effects of OT versus placebo on emotional (e.g., warmth and anger) and physiological (e.g., skin conductance and heart rate) reactivity to a conflict resolution task in 30 heterosexual couples (N ϭ 60) in which one or both members misused substances. Using a randomized, double-blind, and placebo-controlled design, both partners within each dyad were randomized to the same treatment condition. Participants completed a standardized conflict resolution task at baseline and 45 min following drug self-administration. Physiological measures were examined continuously during the laboratory tasks, and emotional reactivity was self-reported at baseline and at five time points over the course of 1 hr following the second conflict resolution task. Results of a multilevel growth curve model accounting for baseline scores, gender, and drug condition indicate that positive emotional experiences and skin conductance measures increased over the five time points. Neither drug condition nor gender was significantly related to outcomes, and no interaction effects were observed. These findings highlight the complexities involved in translational OT research and suggest that the impact of OT on key outcomes requires further exploration in regards to OT's potential therapeutic benefit.
There is a plethora of research indicating a mutually causal association between couple distress and substance use disorders (Boden, Fergusson, & Horwood, 2013; Cerdá et al., 2016; Golub, Dunlap, & Benoit, 2010; Kaufmann, O'Farrell, Murphy, Murphy, & Muchowski, 2014; Testa et al., 2012) , which has direct implications for the treatment of couples with substance misuse. Women in a couples-based treatment for alcohol dependence saw more improvement in alcohol craving when they had high relationship satisfaction (Owens et al., 2013) , and meta-analytic investigation indicates that couple or family therapy for substance use disorder yields greater treatment effects than individual or peer-group therapies (Powers, Vedel, & Emmelkamp, 2008; Stanton & Shadish, 1997) . At the same time, relationship stress is associated with relapse (Hallgren et al., 2015) , particularly for women (Walitzer & Dearing, 2006) . As with other psychosocial treatments that have been found to be more effective when paired with medicinal treatment (Franklin et al., 2011; Mitchell, 1999) , treatment of couples with substance misuse could be further improved with medication.
One potentially therapeutic medication for couples with substance misuse is oxytocin (OT), a neuropeptide that has increasingly been studied in relation to its impact on social cognition and behavior in both animals and humans. Existing literature indicates that intranasal administration of OT improves emotion recognition, trust, and cooperation (BakermansKranenburg & van IJzendoorn, 2013; Kéri & Kiss, 2011) , all of which are key elements of several manualized, evidence-supported couples treatments. An emerging area of interest is the relationship between OT and substance use behaviors. For example, preliminary clinical research has indicated that OT may be useful in reducing stress-related substance cravings (McRae-Clark, Baker, Maria, & Brady, 2013; Miller, Bershad, King, Lee, & de Wit, 2016) and mitigating withdrawal symptoms following inpatient treatment for alcohol use disorder (Pedersen et al., 2013) . Findings from preclinical studies suggest that OT inhibits dependence and withdrawal (Carson et al., 2010) . Based on their review of the literature highlighting OT's possible ability to reduce cravings and withdrawal, McGregor and Bowen (2012) encouraged the conduct of clinical trials to examine the use of OT with drug-using populations.
Despite these promising data, emerging evidence suggests more nuanced outcomes in clinical OT research, requiring further exploration before OT is adapted for therapeutic use. Namely, OT impacts men and women differently, with men being less responsive to OT than women or responding in opposite ways (Ditzen et al., 2013; Flanagan et al., 2018; Hoge et al., 2014) . For example, one study found that intranasal doses of OT administered prior to a couple conflict task was associated with a decrease of salivary alpha-amylase (a marker of emotional arousal) in women, but the opposite was true in men (Ditzen et al., 2013) . Second, positive effects of OT are moderated by several variables, including mental health diagnoses, social context, maladaptive social histories (Bakermans-Kranenburg & van IJzendoorn, 2013; Bartels, 2012; Flanagan, Baker, McRaeClark, Brady, & Moran-Santa Maria, 2015) , and current level of emotion-oriented coping skills (Cardoso, Linnen, Joober, & Ellenbogen, 2012) , which may impact its utility with treatmentseeking populations.
The research related to OT's impact on romantic relationships has also produced complex findings. For example, although OT administration can reduce cortisol levels and increase positive communication in couples (Ditzen et al., 2009 ), Flanagan and colleagues (2018) extended this line of research to couples with substance misuse. Findings suggested that OT not only attenuated cortisol response only in women but also increased their distressmaintaining attributions (e.g., blame toward the partner) and decreased their relationshipenhancing attributions (e.g., acknowledging partner efforts). Conversely, men in the OT group displayed decreases in distress-maintaining attributions while their cortisol levels were not affected.
These results indicate that additional research into the effects of OT on couples with substance misuse is necessary before the possible thera-peutic utility of OT for this population can be determined. Studies examining emotional (e.g., anger and affection) and physiological (e.g., blood pressure and heart rate) responses to couple conflict (Heffner, Kiecolt-Glaser, Loving, Glaser, & Malarkey, 2004; Yuan, McCarthy, Holley, & Levenson, 2010) are growing in the broader couples literature, but remain scarce. These outcomes are also relevant to the OT literature, which indicates that OT has salient, positive effects on physiological arousal (Rash & Campbell, 2014) and emotional responses to stimuli (Rockliff et al., 2011) . Furthermore, OT response is modulated by attachment anxiety, a construct relevant to couples work (Mitchell, Arcuni, Weinstein, & Woolley, 2016) . Examining these variables is also relevant to populations experiencing substance misuse, as distress is related to drug cravings (Fox, Hong, Siedlarz, & Sinha, 2008) .
The Current Study
Because of its relationship to both interpersonal functioning and substance abuse behavior, OT has specific implications for couples with substance abuse problems, but conflicting findings related to the effects of OT underscore the need for additional investigation with this population, particularly because the majority of OT research focuses on individuals and does not consider specific dyadic contexts. Few studies have examined physiological reactivity to dyadic distress in the laboratory, and the limited studies examining oxytocin among couples have focused on behavioral and neurobiological outcomes rather than physiological or emotional ones. For example, a couples study by Flanagan and colleagues (2018) found an impact of intranasally administered OT on cortisol levels in women, but not men, and found a differential gender effect of OT on conflict behavior. However, neither did their study investigate the impact of OT on the emotional experiences of the couples nor did it investigate physiological reactions, such as heart rate. Thus, this study utilizes the same sample as that of Flanagan et al. (2018) to examine the impact of a single dose of intranasally administered OT on emotional reactivity (e.g., warmth and anger toward partner) and physiological reactivity in response to a laboratory-based dyadic conflict task. As with several prior studies examining the impact of OT (Eckstein et al., 2015; Kéri & Kiss, 2011; Rash & Campbell, 2014) , the current study uses skin conductance and heart rate as markers of physiological arousal. Due to notable observed gender differences in the literature, gender was also examined in the models. We hypothesized that participants who were randomized to receive OT would have (a) increases in positive emotional reactivity and (b) reduced physiological reactivity over the observation period compared with those who received placebo. However, based on gender differences in prior research, it was predicted that these findings would be more pronounced in women and less pronounced or absent in men.
Method Participants
Participants were recruited through advertisements distributed in local treatment centers, the community, and online. Participants were 18 to 65 years-old, and one or both members of the couple had to have a history of hazardous alcohol use (i.e., Նsix or more drinks at one time for men or Նfour drinks for women at one time) or any illicit drug use within the preceding 60 days. Exclusion criteria included (a) pregnancy or breastfeeding; (b) history of diseases known to impact hypothalamic-pituitary-adrenal (HPA) axis function, through which OT is believed to operate; (c) body mass index Ն 39; (d) history of psychotic, panic, eating, depressive, or bipolar affective disorders; (e) current use of medications that might interfere with HPA axis reactivity; (f) current suicidal or homicidal ideation or intent; or (g) severe, unilateral intimate partner violence within the past year. From the initial pool of 33 couples who were recruited and randomized, one pair was excluded due to suspected unreliable reporting. Because the current study was interested in testing within-dyad gender differences, two lesbian couples were also excluded from the current analyses. Thus, 30 couples participated in the current study; 14 were randomized into the placebo group and 16 into the OT group. Participants had an average age of 32.08 (SD ϭ 9.88) years. The largest ethnic group was African American (51.7%), followed by Caucasian (40%). Participants in the treatment and control groups did not differ significantly on any demographic characteris-
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tics. As is reported in Flanagan et al. (2018) , the couples were characterized by high levels of current substance problems and elevated couples' distress.
Measures and Data Collection Instruments
Mental health. Inclusion/exclusion criteria based on psychiatric and substance use disorders were assessed using the Mini-International Neuropsychiatric Interview (Sheehan et al., 1997 (Sheehan et al., 1997) .
Emotional reactivity. At each of the seven time points in this study (see the following text), participants were asked to rate their feelings toward their partner on a 10-point scale from 1 (not at all) to 10 (extremely). Positive emotional reactivity toward one's partner was measured by combing three ratings: "How warmly do you currently feel toward your partner?", "How close do you currently feel toward your partner?", and "How angry are you currently feeling toward your partner?" (reverse-coded). Thus, scores ranged from 3 to 30, with higher scores reflecting more positive emotions toward one's partner. An emotional reactivity score was calculated for each of the seven time-points. Cronbach's ␣s ranged from .74 (Time 1) to .87 (Time 4).
Physiological reactivity. Skin conductance and heart rate were recorded using the ProComp Infiniti (Thought Technology Ltd., Toronto Canada) an eight-channel, biofeedback encoder. Fingertip sensors were placed on the index and middle fingers. Skin conductance was measured in microsiemens and continuously recorded at a sampling rate of 256 Hz. For analytic purposes, each participant's average skin conductance for each time point was used. Similarly, the interbeat interval (IBI; the amount of time between heartbeats) was also measured continuously and averaged across each time point. Because low IBIs indicate a faster heart rate, lower IBI scores represent greater physiological arousal.
Procedures
All procedures were approved by the Institutional Review Board of the Medical University of South Carolina. Participants were scheduled at the same time of day (i.e., 8 a.m.) and during the luteal phase of female participants' menstrual cycles to control for diurnal and menstrual cycle variations in HPA function. Participants completed informed consent and baseline assessment procedures in a private room separate from their partner. Female participants completed a urine pregnancy test. If negative, both partners completed breathalyzer tests and urine drug screens.
Conflict resolution task. Couples completed two 10-min, video-recorded problemsolving tasks using the Rapid Marital Interaction Coding Scheme (Heyman, 2004) . Each partner identified a topic of relationship difficulty, and a coin flip determined the topic of the discussion. The couple was asked to work toward a resolution or agreement on that topic. 
Data Analytic Plan
Data were examined using two-intercept multilevel growth curve models. This type of general linear mixed model (GLMM) accounts 94 SOLOMON ET AL.
for the dependence of the data inherent in dyadic research while still allowing for the analysis of the effects for both members of the couple simultaneously. For each model, the average scores from the Time 1 and Time 2 measurements (i.e., the baseline prior to administration of the treatment or placebo) were included as a covariate. Each model included fixed main effects for gender and treatment and a gender by treatment interaction term. They also included random couple effects to account for withincouple correlation. Because preliminary analyses showed a curvilinear trend in skin conductance data across the time points, linear and quadratic effects for time were included starting with Time 3 (i.e., the beginning of the second conflict resolution task after drug administration) for that model along with interaction effects for drug condition (dummy coded with placebo as the reference group). Mean-centered premedication baseline cortisol (average of Time 1 and Time 2) was included as a covariate. Because one couple had skin conductance measurements during the experiment but not at baseline, we also performed a sensitivity analysis that incorporated multiple imputation techniques (n ϭ 10 imputations) to allow data from that couple to contribute to the analyses. All analyses were conducted in SAS/GRAPH 9.4 (2013). The p values Ͻ0.05 were considered statistically significant and were not adjusted for multiple comparisons due to the fact that all hypothesis tests were specified a priori.
Results
Unadjusted mean positive emotional scores are illustrated in Figure 1 , stratified by gender and drug condition. After adjusting for baseline scores, results from the GLMMs indicated that neither was there significant interaction between drug condition (i.e., OT vs. placebo) and gender nor were there any significant main effects due to drug condition. There was a significant (p ϭ .046) linear effect for time, meaning that positive emotional scores tended to increase slightly above baseline over time. Baseline positive emotional scores were also significantly (p Ͻ .0001) associated with positive emotional scores observed during the experiment (i.e., after Time 2).
Unadjusted mean skin conductance scores are illustrated in Figure 2 , stratified by gender and drug condition. After adjusting for baseline 
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scores, results from the GLMMs indicated that neither was there significant interaction between drug condition (i.e., OT vs. placebo) and gender nor were there any significant main effects due to drug condition. There were significant (p Ͻ .0001) effects (linear and quadratic) noted for time, indicating that skin conductance scores increased from baseline over time in a curvilinear manner. Baseline skin conductance scores were also significantly (p Ͻ .0001) associated with skin conductance scores observed during the experiment (i.e., after Time 2). Similarly, IBI was unrelated to either gender or drug condition and was only significantly associated with baseline scores (p Ͻ .0001). Mean IBI scores are shown in Figure 3 . When multiple imputation analyses were used to determine whether the results were sensitive to the inclusion of the couple with missing baseline skin conductance data, no appreciable differences with the primary analyses were noted.
Discussion
OT has been linked in numerous studies to prosocial and relationship enhancing outcomes (Bakermans-Kranenburg & van IJzendoorn, 2013; Ditzen et al., 2009) . Recently, several studies among individuals with anxiety disorders have also tested whether the positive effects of OT can be utilized to enhance psychotherapy outcomes (Acheson, Feifel, Kamenski, Mckinney, & Risbrough, 2015; Guastella, Howard, Dadds, Mitchell, & Carson, 2009; van Zuiden et al., 2017) , although other authors have indicated that the use of OT for clinical purposes is premature (van IJzendoorn & Bakermans-Kranenburg, 2016) . Further exploration of negative outcomes related to OT administration could be especially important when considering its use with treatment-seeking populations who have characteristics that moderate the effects of OT. Specifically, in some situations, the administration of OT can lead to increased aggression or negative affect (DeWall et al., 2014; Ditzen et al., 2013; Flanagan, et al., 2018) . Finally, only a few studies have examined the impact of OT on physiological or neurobiological outcomes during couple's conflict (Ditzen et al., 2013; Ditzen et al., 2009) , and these studies did not consider couples with substance misuse who may have higher initial levels of couple distress and maladaptive coping. With these considerations in mind, this study examined the impact of intranasally administered OT versus placebo on physiological and emotional reactivity in couples with substance misuse. Although both physiological and positive emotionality scores increased over time, neither drug condition nor gender impacted participants' physiological or emotional reactivity, and no interaction effects between those variables were found. This is notable because prior research with the same sample found differences in the couples' behavior during the conflict resolution tasks themselves based on drug condition and gender (Flanagan et al., 2018) . These findings suggest that neurobiological and behavioral outcomes among couples do not necessarily correlate closely with physiological or subjective responses during couple conflict. Prior studies have demonstrated that adaptive couple interaction is associated with stressprotective responses among individuals in normative couples (Baucom et al., 2015; Ditzen, Hoppmann, & Klumb, 2008) and that physiological and neurobiological synchrony among couples might reflect their dyadic functioning (Papp, Pendry, Simon, & Adam, 2013; Timmons, Margolin, & Saxbe, 2015) . These findings also further underscore the complexity of the impact of OT based on gender. Specifically, these results suggest that gender may be relevant only to certain outcomes. In relation to in couples' therapy, OT may only have utility when targeting certain therapeutic outcomes.
At the same time, it is notable that participants in this study exhibited an increase in positive emotions toward their partners over time regardless of drug condition, despite having been asked to engage in multiple conflict tasks. Our findings include a strengthening of feelings of warmth and closeness and a reduction of anger toward partners over the course of the observation period. Multiple therapeutic models include the integration of conflict resolution skills into couples-oriented treatment (Bokar, Sells, Giordano, & Tollerud, 2011; Laveman & Borck, 1993) , and couples therapies incorporating conflict resolution techniques have been shown to increase marital satisfaction (Babcock, Gottman, Ryan, & Gottman, 2013) . Couples in this study likewise showed positive emotional trends after being asked to discuss an area of conflict, even though they were given no prior training in conflict resolution skills and many couples were experiencing relationship This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
distress. Thus, the results of the current study indicate that purposefully engaging in discussions of conflict areas can have therapeutic effects for couples. These positive emotional changes were observed even though, contrary to expectations, physiological reactivity also increased over time. Again, increases in heart rate and skin conductance were independent of OT administration and may have resulted from the conflict discussions. This suggests that increased arousal is not necessarily a hindrance to positive changes. It is important that future couples oxytocin studies, as well as couples studies examining physiological responses to conflict, consider the possible impact of baseline communication skills when evaluating treatment outcomes. Taken together, the results of this study and the previous Flanagan et al. (2018) study have specific implications for the use of conflict discussions in couples practice. Although women in this sample who received OT engaged in less adaptive conflict behaviors (Flanagan et al., 2018) , and even though both men and women experienced increased autonomic arousal (which is typically associated with increased stress), positive emotional responses toward one's partner also increased over the course of the study. This suggests that although discussions of specific areas of conflict within a relationship may be difficult and cause distress, they may also lead to beneficial effects. Although it should be the goal of therapists to help clients engage in these discussions using more effective conflict-resolution skills, positive outcomes may be possible even if communication is not "perfect." At the same time, longitudinal research, such as that conducted by LaMotte, Khalifian, and Barry (2017) , found that specific positive conflict behaviors (e.g., seeing things from a partner's viewpoint) are associated with greater relationship satisfaction and security over time. Thus, conflict in and of itself is not likely harmful to relationships and may in certain situations be beneficial. Additional research utilizing more naturalistic observations and comparing changes over time in couples who are not engaging in conflict discussions are necessary to clarify the mechanisms and circumstances which lead to positive outcomes. For example, previous research indicates that the content of conflict discussions (e.g., criticism) and history (e.g., previous marital aggression) may interact to impact partners' reactions to these discussion (Rodriguez & Margolin, 2013) .
There are several limitations in the current study that could have influenced the results. The main limitation is the small sample size, which limited power in the models. The sample size also necessitated the use of very parsimonious models and precluded the investigation of many mediation or moderation variables, which would have allowed for a deeper investigation of the nuances of OT administration within this population. Future studies with larger sample sizes could further this research by investigating other relevant covariates such as initial levels of couple's distress and emotional well-being. Although this study was unable to account for a large number of covariates, this problem was partially accounted for by controlling for the baseline scores on the two main outcomes prior to drug administration. The current study also examines only a few clinically relevant outcomes, whereas others (e.g., the impact of OT on drug cravings during couples' conflict) are yet to be examined. Furthermore, although it is encouraging that participants in the current study showed increases in positive emotions toward their partners following a couplesconflict task, the utilization of a pre-post design without the use of a comparison group that did not engage in the conflict task makes it difficult to determine if the task itself led to the changes.
Despite limitations, these results are relevant to calls from multiple authors for further research investigating the therapeutic utility of OT (McGregor & Bowen, 2012) complexity and the mechanisms underlying the effects of OT (Bartels, 2012; Graustella & MacLeod, 2012) . As Crockford, Deschner, Ziegler, and Wittig (2014) stated, it is unclear whether OT increases prosocial behavior or whether prosocial behavior increases due to OT's reduction in fear responses. In animal and human studies, OT notably inhibits stress response on the HPA axis, which, researchers generally believe, plays an important role in the relationship between OT and behavioral outcomes (Maroun & Wagner, 2016; Ochedalski, Subburaju, Wynn, & Aguilera, 2007) . In other words, it is possible that OT leads to a reduction in physiological arousal, and this calmer state is more conductive to social behavior. In the current sample, although couples' observable behavior was influenced by the administration of OT (Flanagan 98 SOLOMON ET AL. et al., 2018) , there was little evidence that this relationship was driven by either changes in physiological arousal or changes in emotional perceptions toward partners. Although the power was too limited in this study to formally test a mediation model, the lack of a relationship between OT and the proposed mediators raises doubt about that hypothesis. Thus, future research could continue to investigate the mechanisms though which OT affects social behavior. The absence of significant findings related to gender and drug condition along with prior studies indicating that OT can lead to more negative conflict-resolution behaviors (Flanagan et al., 2018 ) is relevant to the suggestion that OT may be useful in the treatment of couples with substance misuse. Although the potential clinical use of OT remains promising, additional research identifying mechanisms of action and effective dosages is still necessary (Insel, 2016) . The results of this study contribute to our understanding of the nuances and potential limitations of OT, particularly when used among distressed couples, including couples struggling with substance-related problems. The current study, for instance, examined only one dosage of OT and made no alterations to the social context. OT may be unlikely to create meaningful clinical change in the presence of persistent or engrained interactive patters and in the absence of adjunct behavioral intervention. This is important given that a previous study indicated that a smaller dose of OT (24 IU) attenuated cortisol response over placebo in men completing a physically stressful activity whereas a larger dose (48 IU) did not (Cardoso, Ellenbogen, Orlando, Bacon, & Joober, 2013) . Future research will be necessary to determine if specific dosages in isolation or in combination with psychosocial interventions aimed at bettering the interpersonal functioning of couples will lead to clinically relevant outcomes.
